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of haplochromines due to predation by the D-lile perch while
overwhe lming does not necessarily account, for the gross
to other factors. It is also unlikely that hypotheses which have
species particularly in the pelagic and profundal zones points
abundance patterns (even though they could be delayed over longer
Gross ecological changes in the Lake victoria ~cosystem have been
periods) have not realised substantial recovery of endemic
species could alternate ln abundance.
fluctuations would occur in fisheries where predator and prey
2been put forward as the basis for resolution of the most
effective factor in the ecological changes will result into a
definition of just a single most important factor as the driving
force. It seems appropriate to consider the ecological changes
at both temporal and spatial scales and therefore to review some
of the paradigms for ecological change.
Although catacyclismic impacts ln the period 1960's to the early
1980' s may not be ruled out, the basic cause of ecological
changes at least in the inshore zone appears to be the impact of
human activity associated with a degradation of the riparian
wetlands, thus exposlng further the aquatic ecosystem to
catchment activities. In this zone, over-exploitation and a
reduction in habitat quality and quantity could be major factors
in the ecological transformations. However, the littoral zone and
ecological impact of the Nile tilapia, another stocked species
are hardly knmm. An additional hypothesis l' C'."-' therefore put
forward to show whether or not wetland vegetation types in Lake
Victoria are important fish habitats. The hypot eS1S allows for
testing several interrelated sub-hypothRses on questions
regarding relationships between wetland vegetation and the
ecology of Nile tilapia. The water hyacinth, a recent feature of
the shoreline and an additional strain to the already endangered
buffer zone,: may have to be regarded as a dynamic but permanent
part of most of the littoral zone.
3Introduction.
As the world's third largest freshwater body (surface area: about
68,500 km2 ; max. depth: 84m), Lake victoria has an adjoining
catchment area of 184,000 km2 , is located about 2. 50 S to 1.50N
Latitude and has a shoreline length of 3,440 km (Beadle, 1972;
Kite, 1982; Hecky and Bugenyi, 1992). The coastline lS very
irregular, and the entire lake is shared between Uganda (43%),
Tanzania (51%) and Kenya (6%) (Fig. 1). Numerous seasonal streams
are a characteristic feature associated with extensive but
presently threatened wetland vegetation which fringes the
shoreline. This review paper lS part of the research which will
examine the influence of wetland type on the ecology of
Oreochromis niloticus. By focusing on the littoral zone wetlands
and a fish of commercial importance, it is hoped that the study
will further stimulate research into the ecological importance
of wetlands and their management In a framework that includes
various user categories apart from fish such as sewage disposal,
agriculture and maintenance of local biodiversity. A review of
the major orientations of past studies lS glven and gaps in
ecological theory that account for a deterioration of the Lake
victoria ecosystem as a whole are highlighted. In subsequent
contr ibutions, the ma j or wetland vegetation types which represent
the larger scale wetland landcape of Lake victoria will be
characterised and important fishery zones identified.
4The lake fisheries
For many generations, the Lake victoria basin has been the single
most important source of protein (fish) and a major economic
resource for its densely populated basin. It 1S estimated that
in 1990, the lake accounted for 25% of the total inland catch in
the whole of Africa (IORC mimeo, 1992). Judging by an earlier
study (Kudhongania and Cordone, 1974), a significant fraction of
the icthyomass (14%) was derived from the shallow (0 - 9m depth;
8% of total area of the Tanzanian part of Lake victoria) zone
also frequently referred to as the tilapia zone or the artisanal
fishery zone. Systematic observations carried out at a transect
in the Mwanza gUlf between 1977 and 1991 indicate that inspite
of the changes in the fisheries since the 1980's the shallow area
still contains a hihger fish species diversity and production
potential than offshore deeper areas (Witte & Goudsw~ard 1984 and
witte et al.; 1992).
Wetland and floodplain fisheries
An often not realised factor 1n the catch from the lake are
landings due to the floodplain and the marginal wetland zone
sources. For practical purposes such as for marketing, catch
irrespective of source, is pooled at fish landings or disappears
into local outlets closest to fishing grounds. Welcomme (1972)
estimated that wetland and floodplain-related catches contribute
about 40% of the total freshwater catch of the African continent.
5In terms of ecological importance and production for fisheries,
marginal wetlands and floodplains ~ay contribute to catch~s in
the following aspects:
(a) Flood-plains and wetlands form temporary fish feeding
habitats especially during periods when they are inundated;
b) Wetlands and to some extent flood-plains may form spawning and
nursery habitats for some fish;
(c) Many are sites of small-scale fisheries which still rely on
this inshore zone for their livelihood by gill-netting, angling
and trapping fish; the swamp fisheries such as at lake edges are
of much greater direct importance to local communities than open
lake catches.
(d) Wetlands may be the source of materials and substances which
enhance fish production in the adjacent (shallow) lake zone and
therefore act as regulators of water quality for aquatic
ecosystems.
Apart from fisheries, wetlands and floodplains may be intensely
used as grazing and agricultural areas (espec.lally as market
gardens) and are among the first areas to be impacted by man
(Loffler, 1990). Thus, the various roles to which wetlands may
be sUbjected glves rlse to conflicting demands which may be
detrimental to entire aquatic ecosystems and their fisheries. In
some landlocked countries (e.g. Uganda) with extensive wetland
systems surrounding commercially large lake fisheries, the
stability of wetlands may be important ln sustaining the
viability of the fisheries apart from the other wetland
functions. It is therefore not suprising that wetland degradation
6could be contributing to the uncertain future of Lake victoria.
The Ecological transformations of Lake victoria
uncertainty about Lake victoria as is thought 1S a result of
several factors which may be summar ised as fa llows: (a) a lien
fish stockings (b) over-exploitation of the fisheries (c) a r1se
in lake level during 1960's (d) a change in regional climate (e)
increased nutrient inputs from the atmosphere and catchment (f)
reduction and reclamation of the buffer wetlan'd zone and, (g)
colonisation of the lake by the water hyacinth. However, apart
from (a) and (b) many of these factors are only beginning to be
considered as critical 1n the transformation of the lake
(Coulter, et al. 1986; Bugenyi & Balirwa, 1989; Hecky, 1993;
Bootsma & Hecky, 1993) It 1S thus not suprising that until
fairly recent times, all changes especially in the productivity
of Lake victoria were considered primarily in terms of fisheries
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~anagement. For instance, a major objective of stocking the lake
with the Nile perch and the tilapias was to increase the fish
yield and encourage a return to the use ot appropr ia te gear
(Hamblyn, 1960; Anderson, 1961; Gee, 1965) . This 1S
understandable given the declining catches at the time and the
central role the lake plays in the livelihood of residents in its
densely populated watershed. However, it appears that fisheries
management has approached its limits.
There are at present various factors especially human activity,
which in light of increasing research have become associated with
7a simplification of the Lake victoria ecosystem (Bugenyi and
Balirwa, 1989; Kaufman, 1992; Bootsma & Hecky, 1993; Hecky,
1993). Apart from anthropogenic use of the wetland buffer zone,
the rapid spread of the water hyacinth (Eichhornia crassipes
(Martius, Solms - Laubach) along the lake margins (Twongo et al.,
1992) is a recent phenomenon which adds further uncertainaty to
the sustainability of the fisheries. There is therefore need to
look at other factors apart from fisheries management which could
be addressed to improve the conditions and to check further
deterioration of the Lake victoria system.
Interest in wetlands
A current problem in the ecological changes taking place in Lake
victoria is understanding the importance of riparian wetlands to
ecological processes of the nearshore environ~ents especially as
the shoreline is increasingly becoming under the influence of
human activity and the exotic weed - the water hyacinth. Thus,
while previously not attracting much research attention, it
appears that wetlands form a logical starting point for the
direction that applied research may take for the benefit of both
fisheries and water quality.
Many freshwater ecosystems are dynamically dependent on the
riparian zone, and knowledge of links between fish and
land/ inland water ecotones shou Id be of great importance in
improving understanding of processes In aquatic habitats.
Ecotones to which wetlands belong have been defined as zones of
stransition between adjacent ecological systems, having sets of
characteristics uniquely defined by, space and time scales and by
the strengths of interactions between adjacent systems (Holland,
1988). As a result of their complexity, varlOUS functions/uses
are associated with wetlands (Carter, 1955; Denny, 1985;
Welcomme, 1985; Loffler, 1990; Zalewski et al. 1991). Table 1 is
a summary of the major functions and the human values associated
with wetlands. Common fauna of the tropical Afr ican wetlands have
been described by Bugenyi (1991).
Figure 2 (redrawn from Loffler, 1990) summarizes the kinds of
global uses to which man has put wetlands. The figure suggests
the importance of fisheries while the same author discusses the
variety of wetlands plants used by man as food and their
nutritional composition.
A major question on Lake victoria now concerns the role of
wetlands in aquatic biodiversity on one hand and, on the other,
genuine socio-economic uses of the wetlands such as fisheries,
biomass export, agr icul ture and wastewater tre2.tment. It has been
suggested (Hecky, 1993) that population growth is the basic cause
of aquatic impacts from pr imi tive agr icul ture, intense animal
husbandry and occupancy of the riparian shorelines for access to
fish. As an area of critical importance in the sustainable use
of the aquatic resources, increase of an ecolog ica I research base
may lead to applicable ecotechnological solutions for the entire
lake basin.
9African Wetlands and their management
studies of the ecology of African wetlands are few (Denny, 1985)
with most of the information available on the structure and
function of wetlands coming from studies of temperate
communities. Results of community studies of European wetlands
e.g Dutch wetland systems for instance have reached a level where
management options have been tried and evaluated (Wirdum, 1991;
Verhoeven; 1992; Wigbels, 1992; Balirwa, 1993; Van Vierssen;
1993). This has been achieved after initial ecological studies
were carried out. In such situations it is possible to relate
benef its against costs of wetland management and conservation
although env ironmenta 1 cons eva t ion and ecolog ica 1 restoration
have been the main focus of activity.
Several studies in what can be regarded as ploneering works on
tropical wetlands have been reported. Nutrient relationships have
been investigated by several authors (e.g. Viner, 1975; Gaudet,
1978, 1979; Chale, 1984). Productivity studies have been reported
by Muturi et a1. (1989). Denny (1985) reviev,red the ecology and
management options for African wetlands while Wolff & smit (1990)
and Wo lff et a 1. ( 1993) ana lysed the ecolog ica 1 structure and
functioning of The Banc D'argiun wetland area of Mauritania, West
Africa, with emphasis on the area as an envi~onment for birds.
However, to my knowledge, there lS hardly any pUblished
information on how wetland structure and function might affect
fishes and fisheries in Lake victoria - one of the Great Lakes
in Africa under threat from human activity (Hecky, 1993). Howard-
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Williams & Thompson (1985) observed that wetland conservation in
general is not a priority in tropical countries while Bugenyi
(1991) suggested relating wetland conservation and management
options to economic issues of individual countries. In many of
these countries particularly in the region of the Great Lakes of
Africa, fish 1S food for millions of people and the
sustainabili ty of the fishing industry may be the key to
coupling wetland management and conservation to other benefits
such as water supply for drinking, agriculture and industry i
aesthetic and scientific value. Lake victoria for example
provides essential resources to more than thirty million people
in East Africa and supports a commercial fishery valued at nearly
three hundred million dollars per year (Kaufman, 1992). Wetland
management and conservation could therefore be related to
sustaining fisher ies of socio-economic importance, an option
which would also serve other values such as regulated biomass
harvests, nutrient stripping and biodiversity concerns.
I
,I
The state of the Lake victoria Fisheries
Early research based at EAFR0 1 , later EAFFR02 , UFFRO~ and
presently FIRI 4 was instrumental in chronicling the development
of the fisheries from the very first survey of the lake by Graham
(1929). The original fish community of Lake Victoria comprised
lEAFRO = East African Fisheries Research Organization
~"EA'F"'F'RO ='E:ast Afrlcan 1 res'nwa't.er 'Fi's'neries 'KeseaTc'n '0'f'gaTli2a+-L-i'CYi'1
3UFFRO = Uganda Freshwater Fisheries Research organization
4FIRI = Fisheries Research Institute
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of at least 300 species mostly haplochromine cichlids (van Oijen
et al., 1981) and included at least 14 cyprinids mostly Barbus
species (Balirwa, 1984). Besides the ecologically dominant
haplochromines, 11 other genera supported continuously or
intermittently a significant fishery (CIFA, 1984). By the 1950's
when the catches of most target species (especially Oreochromis
esculentus, Oreochromis variabilis and Labeo victorianus) had
drastically declined due to overfishing, several tilapias
(Oreochromis niloticus, o. leucostictus and Tilapia zi11ii) and
a predator (the Nile perch - Lates niloticus), were stocked into
the lake to boost the fisher ies (EAFRO/ EAFFRO, 1959; Garrod,
1961; Gee, 1965; Welcomme, 1981, 1988).
Initially there was a reported recove~y of the endemic tilapiines
attributed to the exceptionally heavy rains of the 1960's
(Welcomme, 1966a, b). Thereafter, an apparent improvement in the
tisheries from the early 1980's boosted by the stocked Nile perch
and Nile tilapia was accompanied by a drastic ~eduction in the
fish species diversity especially of the haplochromine cichlids
(Witte et al., 1992a, b). Other ecological changes which have
drawn attention include increased algal biomass especially of
cyanobacteria, and reduced oxygen levels even going to anoxia in
bottom waters (Bugenyi and Hecky, 1992; Mugidde, 1993).
In Lake Victoria eutrophication has become manifest while the
fish community was changing (Hecky, 1993) and concern has been
expressed about what should be done to "clean up the lake"
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(Baskin, 1992). For all pract ica 1 purposes, the Lake victor ia
fisheries are at present based on three species: a small native
pelag ic cyprinid called mukene in Uganda (Rastrineobola
argentea); the introduced Nile perch (Lates niloticus) and Nile
tilapia (Oreochromis niloticus) . The relatively recent
colonization of the lake by Eichhornia crassipes (Twongo et al.,
1992) has been considered as a long term threat ~o the fisheries
(Willoughby et al~, 1993). However, from the seemingly its well
established nature, Eichhornia might as well be regarded as
perrnenent but dynamic feature of Lake victoria's shoreline.
Pertubations of the Lake victoria ecosystem
Ecological research at EAFRO undertaken in the period 1949 - 1953
established the major fish faunal assemblages of Lake victoria.
Also in the 1950 I s, basic limnological researc: water chemistry,
lake stratif ication, phytoplankton, invertebrates important as
I.
,fISh food, ecology of indigenous tilapias, haplochromines and
non-cichlids was undertaken (EAFROjEAFFRO, Ann. Rep (1949
1964). This earlier research includes evidenc~ for changes in the
hydrochemistry, primary productivity and fisheries of the lake.
From these stud ies it was for instance suggested (Beauchamp,
1952) that removing too many herbivores particularly the tilapias
from the lake would slow the rate of biological production. The
annual reports also include accounts of the positive impact on
the fisheries of an abnormal rise in lake level following the
heavy rains of the 1960's (Welcomme, 1964a, b; 1966; 1967).
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It is not clear whether the positive impact on fisheries of the
short-lived rise in lake level or ~he excessive fishing effort
which reduced the biomass of herbivores could have resulted into
a negative longer term increase in nutrients. since that period
however, the lake level seems to have stabilised (after another
rise in the period 1978/79: Kite, 1982) at a lower level and some
areas that were once under water are now terrestrial patches and
no longer available as fish habitats.
other recent limnological data from both offshore and inshore
stations of the lake indicate changed conditions of temperature
and dissolved oxygen profiles and algae between about 1960 (Fish,
1957; TaIling, 1966) and 1990 (Hecky and Bugenyi, 1992; Hecky,
1993; Mugidde, 1992). These studies suggest that even before the
Nile perch explosion of the late 1970 I S and early 1980' s, the
Lake victoria system was already showing stress signals.
Moreover, it has been suggested that one of the possible
tonsequences of regional climatic changes or changes in water
yield from the catchment (Hecky et al. 1993) would be increased
stability of thermal stratification associated with a reduction
of deep water oxygen concetration (Hecky, 1993; Hecky et al.
1993). This would result in a reduction of the habitable space
(Hecky, 1993) and the fish kills reported by Ochumba & Kibaara
(1989). It 1S also probable that some factors of historical
signi f icance apart from over-exploi tat ion , and now presently
indicated in the sediment record would help elucidate forces that
are partly responsible for the present ecological state of the
lake. While perhaps far fetched at present especially with
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limited tools and skills of resolution, some cataclysmically
selective phenomenon in a geologic~lly infinetely short period
(2 decades) may not be ruled out.
Initial reaction to account for the rapid (within 10 years from
,
the timing of the Nile perch upsurge), almost total decimation
of the endemic fauna pointed to predation pressure by the Nile
perch (e.g. Okemwa, 1984; Barel et al., 1985 Goudswaard & Witte,
1985; Ogari, 1985; Ogutu-Ohwayo, 1985, 1988, 1990a; Okaranon et
al., 1985; Balon & Bruton, 1986; Hughes, 1986; Goudswaard and
Ligtvoet, 1988; Ogari & Dadzie, 1988). While the impact of
predation by the Nile perch is undeniable (Witte et ale 1992a,
b), some authors (Lowe-McConnell, 1975; Marten, 1979; Ssentongo
& Welcomme, 1985; Acere, 1988; Kudhongania et al., 1988;
KUdhongania et ale 1992) have attempted to put into perspective
other earlier accounts (e.g. by Beauchamp, 1955; Cadwalldr, 1965;
Fryer, 1976; Mann, 1970) of forces (especially over-exploitation
ieading to growth and recruitment overfishing) that at least
r
account for the ini tia 1 dec 1 ine In the or j.9 ina lly abundant
inshore and riverine endemic species particularly O. esculentus,
O. variabilis and Labeo victorianus. This suggests that it is the
disappearence of most groups of haplochromines which may be more
correlated with predation by the Nile perch. This has infact been
demonstrated by studies on the feeding habits of the species in
Lake victoria (Ogari, 1985; Ogari and Dadzi, 1988; Goudswaard and
Ligtvoet, 1988; Ogutu-Ohwayo, 1985; 1990b) which also indicate
both size and depth related patterns
Willoughby et ale (1993) have shown that
in prey-selection.
haplochromines are
14
limited tools and skills of resolution, some cataclysmically
selective phenomenon in a geologic~lly infinetely short period
(2 decades) may not be ruled out.
Initial reaction to account for the rapid (within 10 years from
the timing of the Nile perch upsurge), almost total decimation
of the endemic fauna pointed to predation pressure by the Nile
perch (e.g. Okemwa, 1984; Barel et al., 1985 Goudswaard & witte,
1985; Ogari, 1985; Ogutu-Ohwayo, 1985, 1988, 1990ai Okaranon et
al., 1985; Ba :Lon & Bruton! 1986 i Hughes, 1986 i Goudswaard and
Ligtvoet, 1988; Ogari & Dadzie, 1988). While the impact of
predation by the Nile perch is undeniable (Witte et al. 1992a,
b), some authors (Lowe-McConnell, 1975; Marten, 1979; Ssentongo
& Welcomme, 1985; Acere, 1988; Kudhongania et al., 1988;
KUdhongania et al. 1992) have attempted to put into perspective
other earlier accounts (e.g. by Beauchamp, 1955; Cadwalldr, 1965;
Fryer, 1976; Mann, 1970) of forces (especially over-exploitation
I •leading to growth and recruitment overfishing) that at least
account for the initial decline in the oriqinally abundant
inshore and riverine endemic species particularly o. esculentus,
O. variabilis and Labeo victorianus. This suggests that it is the
disappearence of most groups of haplochromine~which may be more
correlated with predation by the Nile perch. This has infact been
demonstrated by studies on the feeding habits of the species i0
Lake victor ia (Ogar i, 1985,; Ogar i and Dadz i, 1988; Goudswaard and
Ligtvoet, 1988; Ogutu-Ohwayo, 1985; 1990b) which also indicate
both size and depth related patterns
Willoughby et a 1. ( 1993) have shown that
in prey-selection.
haplochromines are
14
limited tools and skills of resolution, some cataclysmically
selective phenomenon in a geologic~lly infinetely short period
(2 decades) may not be ruled out.
Initial reaction to account for the rapid (within 10 years from
the timing of the Nile perch upsurge), almost total decimation
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account for the initial decline in the oriqinaJly abundant
inshore and riverine endemic species partic~larly o. esculentus,
o. variabilis and Labeo victorianus. This suggests that it is the
disappearence of most groups of haplochromineg which may be more
correlated with predation by the Nile perch. This has infact been
demonstrated by studies on the feeding habits of the species in
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still the dominant group In inshore habitats despite the
popUlation expansion of the introduced specles, Oreochromis
niloticus and Lates niloticus. It was also shown by the study
that haplochromines were breeding in these inshore areas, whereas
the introduced species were not found in breeding condition in
the vicinity.
A major conclusion which can be drawn from these studies with
regard to the impact of the Nile perch is that the predator seems
to have been most effective In reducing those species of
Haplochromis in the habitats frequented by the piscivorous phase
of the predator - principally from the sub-littoral to the deep
waters including the off-shore pelagic zone. In these two zones
the impact of Nile perch predation could have also affected
stocks of several non- cichl id fishes such as Bagrus dogmac,
Synodontis victoriae,
.
Xenoclarias alluadii and lacustrine
populations of the anadromous specles Barbus al tianalis and
i •Clar~as gariepinnus. In such a scenar io, other env ironmental
factors could be seen as fuelling the impact of predation e.g
through habitat reduction and incresed competitive interactions.
The occasional landings of large-sized specimens of c.
gariepinnus and Protopterus aethiopicus (or of their juveniles)
which are basically inshore species indicates the presence of
suitable habitats In which viable populations still occur.
However, even research In the littoral areas sampled by the
Haplochromis Ecology Survey Team (HEST) group \vorking out of
Mwanza does not give a full indication of all the groups of the
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purely inshore littoral species which may have escaped predation
pressure by the Nile perch. The l~ttoral zone and its wetland
buffer zone is an area in which relatively fewer investigations
have been carried out.
The ecological effects of the other stocked and successful
O.niloticus IS hardly known apart from possible interspecif ic
ompetition and reported instances of hybridisation and
competition \vith some of the native tilapiines (EAFROjEAFFRO,
1959; Welcomme, 1964b, 1966; l<udhongania et al., 1992; Twongo,
1992). Thus the question remains regarding those elements of the
fishery which were not directly threatened by perch predation,
and the ecological impact of Oreochromis niloticus. Hecky (199])
suggests that the increasing turbidity and deoxygenation, caused
by the eutrophication, broke down the complexly balanced food web
through a combination of demersal haplochromin~ displacement and
increased vertebrate abundances finally resulting into a cascade
of trophic effects leading to a decimation of haplochromines by
the adult perch population.
The above background serves to show the complexi ty of the
dynamics of the Lake victoria ecosystem and how several factors
both biotic and abiotic could have interacted sometimes with
unpredictable consequences for the ecosystem. It IS now
acknowledged that single-factor forcing effects such as predation
pressure are inadequate to account for the evolution of present
day fisher ies and ecolog ica 1 status of the lake. Some
publications now focus on combinations and interactions of
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factors (Bugenyi and Balirwa, 1989; Coulter et al., 1986; Bruton,
1990; KUdhongania et al., 1992; Kaufman, 1992; Hecky & Bugenyi,
1992; Mugidde, 1992; Bootsma & Hecky, 199]; Hecky, 199]).
From the multi-pronged focus on the state of the Lake victoria
environment and its fisheries, ] hypotheses have been highlighted
by local and internationa 1 scientists and summar ised by CIFA
(1992) as being the main cause(s) of environmental change:
(i) An increased input of nutrients from external sources
particularly from the atmosphere but also from runoff from
the catchment.
(ii) A change In the regional climate associated with an
increase in temperature leading to prolonged pe"riods of
thermal stratif ication and anOXla at the bottom of the
water column.
(iii) Species stockings of the Nile perch and Nile tilapia which
have led to a disruption of energy flow pat~erns.
It is, however, not clear whether or not research based on only
these hypotheses could resolve which single most important factor
accounts for the changes in ecosystem behaviour and yet, they
have been used as the basis for research formulation. Even if
they were to be seen as operating synergistically, it seems
surprising that certain other potential influences of direct
human impact (habitat reduction and degradation) have not been
appreciated to the same extent (hypothesis 1) would only make
sense if run-off from the catchment were seen as having increased
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above background levels). In addition, factors such as lack of
effecti ve management in the past. or over-exploitation with
destructive gears (Kudhongania et al., 1992) do not appear to
have been taken into account in the formulation of the
hypotheses.
A comparison of haplochromine catch rates as an
indication of icthyomass between 1970's and 1980 l s (Kudhongania
& Cordone, 1974; Goudswaard & witte, 1985; Okaronon et al., 1985;
Goudswaard, 1988) and changes in spec ies compos it ion (W i tte
et.al.1992) provide perhaps the clearest evidence of a reduction
in f ish production (F ig. 3). However, as a result of the poor
statistical system for the analysis of long term trends In
catches, no account of increased effort is made and yet, it is
obvious that the fishery has become more mechanised, more
expanded and more commercial. When such factors are not taken
into account, it lS possible the apparent increase in catches
t
/could obscure other factors which have and continue to play a
role In the transformations of the fishery and ecology of the
lake as a whole.
Human impa?t could exert ecological effects in some subtle ways.
For instance, human population growth and direct demands on the
watershed could be a major cause of deterioration of water
quality and consequently of fish habitat. Human exploitation of
fish habitat (e.g. wetlands) or the recent invasion of the lake
shoreline by the water hyacinth could directly conflict with the
various ecological requirements for fish habitat. A combination
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of these factors could result into a simplification of shoreline
habitats ahd could be more respon~ible for a reduction in the
diversity of fish communities of wetlands than has been
appreciated. The delayed response of f ish communi ties to such
changes could' be explained in terms of ecolgical succession.
Thus, a fourth hypothesis to test the importance or non-
importance of wetland vegetation in the ecology of fish could be
added to those which have been sugges,ted above, and could be
stated as:
"Direct human inf 1uences resu 1ted in a s impl i fica t ion of
shorel ine habi ta ts and a reduct ion in f ish and fish divers i ty
associated with wetlands".
The Marginal Wetlands of Lake victoria: structure and Function.
Wetlands particularly papyrus swamps are a prominent feature of
I
the marginal zones of Lake victoria in Uganda (Carter, 1955).
They owe their origin to the uplifting of the earth's crust and
reversal of the previously east-west flowing Tivers and streams
in the present day Lake victoria basin (Greenwood, 1966; Beadle,
1972). As a result of reversal of the drainage patterns, the lake
swamps developed due to the rivers being stopped in their flow
patterns by the lake formation, forcing many of them to become
slugg ish and fill with papyrus swamp plants (Beadle, 1972 ;
Taylor, unpubl.) Thus slow moving water seems to have been a
major factor in the formation of the lake wetlands. This suggests
that alteration of the f 10\>J reg ime in the old pattern e. g by
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reclamation of the wetland belt could lead to a displacement of
swamp features.
I
Just as in many parts of the wor ld, the wetland zone of Lake
victoria can be defined in terms of both water depth and
associated characteristic vegetation collectively referred to as
aquatic macrophytes. This area is equivalent to the littoral zone
as defined by Odum (1971) l.e the shallow - water reg10n with
light penetration down to the bottom and typically occupied by
tooted plants in natural ponds and lakes. Swamps can be defined
as wetland with large aquatic macrophytes like papyrus and tall
grasses. These definitions may serve to clear an impression often
created when aquatic macrophytes are considered solely in terms
of SUbmerged plants.
In Lake victor ia, a depth zone of about 1 -' 2m from the open
water extending towards dry land 1S occupied by various types of
I
aquatic macrophytes and is subjected to wave action as well as
variations in water level. As an interface zone ~etween the sub-
littoral and terrestrial ecosystems, it fits quite well the
ecotone concept as defined by Holland (1988) and Naiman et al.
(1989), and used by Zalewski et al. (1991) or, as the littoral
zone (Odum, 1971). In terms of width, the distance from the shore
is variable from a few metres (20-S0m) on rocky shores, to 100-
200m in some of the shel tered bays and over sandy beaches. In
Lake victoria this zone is further associated with inundation of
the lake shore following the heavy rains of the 1960 I s which
resulted into a series of beaches and lagoons (Welcomme, 1964a,
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bi 1965). Some authors, have, however used a depth zone of 0-6m
as representing the littoral zone, (witte et al. 1992a, b) but
this may include elements of the fishery outside the influence
of aquatic macrophytes and a depth of about 3m as indicated by
secchi transparency.
Meteorological data and analysis of Lake victoria levels of
recent years show a decrease In \vater level from the peak
attained in the 1960·s. The level rose from 1139.79m above sea
level in January 1960 to 1136.28m in June 1964, a rise of 2.5m
(Fig. 4 ). This indicates that certain areas such as lagoons
which were originally under water have been recolonised.
Wetlands, were it not for human impact would probably cover a
much larger area than before 1964. The area, depth and water
quality of wetland due to the seasonal alternation of the flood
and dry phase associated with the rainy and ,dry seasons would
also be different. The inshore areas as implied in many fishery
f
studies on Lake victoria appears to be based largely en the range
of distances covered by unmotorised canoes op~rated within sight
of the numerous boat landings. The littoral zone including
wetlands is on on the other hand a narrower strip of aquatic area
as defined by Odum (1971) and is composed of various faunal and
floral assemblages.
The Lake victor ia wetlands often conta in character ist ic
vegetation (Fig. 5) depending on depth, bottom type, slope and
water depth. The most visually distinc't categories of shoreline
wetland include what is usually referred to as swamp such as
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Cyperus (Papyrus), Phragmi tes (Reeds) , Typha (Bu llrush), and
Vossia (Hippo grass). However, In some areas swamp vegetation
includes admixtures of other higher plants or may be interrupted
by dense and uniform stands of other species such as the swamp
shrubs Sesbania, Hibiscus and Mimosa, the grass Miscanthidium or
ferns and climbers (Ipomea). For purposes of typology however,
the more important zones of aquatic macrophytes (Denny, 1985) in
Lake victoria comprise of:
(a) EUhydrophytes.
Floating leaved species such as Nymphaea and
Eichhornia (depending on depth) .
- Submerged species such as Ceratophyllum'and Potamogeton.
(b) Surface - Floating macrophytes.
- Lerona, Pistia, and Eichhornia.
(c) Emergent macrophytes.
,
- Usually the dominant shoreline vegetation type with such
species as Cyperus, Phragmites, Typha and Vossia.
In Lake Victor ia, Eichhornia crassipes compl icates the above
typology because of its dynamic character; permanent in some
locations but prone to dislocation and drifting in others.
Some studies conducted on Lake victoria wetlands and their
significance.
The inshore waters of Lake victoria and other East African lakes
have been described as the typical habitat for tilapia (Graham,
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1929; Lowe-McConnell, 1958, 1975; Welcomme, 1965, 1966;
Kudhongania and Cordone, 1974) and Oreochromis niloticus is at
present the main commercially important species caught in the
inshore zone. However, it appears that previous investigations
have tended to assume an obvious relationship between tilapias
and wetlands. Early investigations by EAFRO (1953) pointed to the
unsuitability of papyrus swamps for fish except those that can
breathe air (e.g. Protopterus aethiopicus and Clarias gariepinus)
because of low dissolved oxygen and high carbon dioxide
~oncentrations; on the other hand, it was also considered that
he increase in tilapia catches associated with the rain season
is a result of "foul water" from the swamps driving fish into the
open water.
There are indirect references to the influence of wetlands for
fish (EAFRO, 1953, 1956/57). In one reported st.udy, out of 12
stations sampled for population studies, 7 stations can be
considered as representing shallow wetland zones in which at
least 10 species of fish were encountered including Haplochromis
spp, Tilapia, Bagrus, Labeo, Barbus, Mormyrus spp, Gnathonemus,
Alestes (Brycinus), Clarias and Protopterus. A major limitation
of the above studies was not to distinguish between vegetation
categories associated with fish habitat and the relative
importance of each habi ta t. However, We lcomme (1964) observed
that Pistia chocked beaches and papyrus swamps support very few
fishes mostly Aplocheilichthys, Ctenopoma and small Clarias.
These studies were limited by duration over which experiments
were conducted. In other studies, Welcomme (1964b, 1965, 1966)
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observed that the expansion of habi tats associated wi th the
1960' s flooding of the shore I ine veg,etat ion was benef ic ia I to the
stocks of Tilapia. As these investigations were conducted under
conditions of exceptionally high water, they cannot be said to
represent average cond it ions except in as far as they give an
indication of the importance of the flooded phase. It also seems
that a major focus of this study was on the utilisation by the
introduced species of Tilapia of the inundented shoreline
particularly lagoons. wi th a recession in water level, lagoons
and flooded swamps are no longer a common featurR.
In' a recent study (Willoughby et al., 1993) it was shown that
contrary to some of the earlier reports, and following the
overall reduction in species diversity which has been associated
with the hypotheses above, papyrus swamps, Vossia and Typha were
richer in all aspects of their fish faunas than, the open
shoreline and Eichhornia; Eichhornia by virtue of having the
!
least number of species and fish biomass was seen as a long term
threat to the ecology and fisheries of the lake. Apart trom the
the study being of limited duration (one month) and therefore
lacking any indication of the seasonal influences that may
determine the overall importance of the different plant beds. The
study however gives a first quantitative picture of the
importance to fish of shoreline vegetation.
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Balirwa and Bugenyi (unpubl.) have attempted to reconstruct the
impact of habitat reduction (Fig. 6) on fish which seems to be
particularly relevant for swamp and seasonal stream populations.
In the first stage (a), Lake victoria shown as being fringed by
a wetland buffer zone , progressively gets exposed to human
impacts. This is a direct result of increasing population
pressure and attendant demand for arable land and grazing
pastures. What follows is a combination of effects which
translate into ecological changes initially manifested in the
littoral zone. In stage (c), agricultural run-off contributes to
increased nutrient. and silt loading of the inshore littoral zone.
The f ina 1 stage (d) is a di sappearance of the potamon stream
zone, fringing buffer zone and a degradation of fish habitats.
Pollution due to eutrophication also adds to a simplification of
the inshore fish habitats and an alteration of the entire trophic
structure. Populations of those species which .were originally
dependent for breeding on the littoral zone and related lotic
'conditions in the streams could collapse.
From the above studies, it is clear that fringing wetlands like
those of Lake victoria may be vital habitats for. fish apart from
regulating mater ia 1 transport to the lake. This prov ides the
justification for increased understanding of the relationships
between fish especially the commercially important species like
the Nile tilapia and the dynamics at the water/land boundary.
As a starting point, a hypothesis to examine the importance of
wetlands in the ecology of fish may be put forward as: Shoreline
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wetland vegetation has no influence on the ecology of the Nile
tilapia (Oreochromis niloticus) in,Lake Victoria. Nile tilapia
is used because it lS a key species of commercia 1 importance
which could lead to recognition of the management potential for
shoreline wetlands. The hypothesis is flexible and would allow
for testing several closely related hypotheses which would answer
pertinent questions such as:
a. What are the major shoreline wetland vegetation types in Lake
Victoria and to what extent do they represent the large scale
shoreline landscape?
b. Do the wetland vegetation types In Lake Victoria represent
fish habitats, and if so, to what extent?
c. How are the life cycle features and ecology related to the
assumed importance of shoreline wetland vegetation; do wetl~nds
serve as breeding, nursery, feeding and refuge areas?
d. Do wetlands provide physical-chemical or biotic influences of
ecological importance for the Nile tilapia?
I
~. Are there any seasonal influences governing wetland use by
fish?
f. How does wetland modification (degradation) af~ect fish?
Conclusions.
1. Changes In the ecology of Lake Victoria predate species
introductions which also have contributed to the uncertainty of
the aquatic resources of socio-econimic importance partiCUlarly
the fisheries.
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2. The present I imnolog ica I status over the entire lake 1S
different from what it was in the 1960's and an evolution towards
the present state cannot be ascribed to predation pressure alone;
the possibility of some cataclysmic phenomenon of unknown
duration (masked by apparent climatic and limnological changes)
cannot be ruled out.
3. Nile perch (Lates niloticus) is probably the main factor
responsible for a major part of the endemic haplochromine fauna
in Lake Victoria. How big this part may be is still unresolved
but mostly comprises of populations in the sub-littoral zone. The
deep water offshore zone seems to have been similarly affected
by the Nile perch up~urge but data are insufficient to relate
changes in fish stocks to Nile perch densities and trophic
characteristics.
4. Over exploitation of the inshore stocks seems to be an ever
present threat since standard fishery methods appear to have
limited success in an environment characterised by the "tragedy
of the commons"
5. The spec10se littoral zone particularly the wetland fringe has
been under siege from human activity which is likely to be the
rna j or cause of aqua tic impact: fish habi ta t degradation of
wetlands and inlet streams, and ultimately negative impacts for
the fisheries as a Whole. Negative impacts for the littoral zone
include: habitat reduction, reduced breeding and spawnlng
activity, eutrophication, algal blooms, reduced dissolved oxygen
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and increased carbon dioxide concentrations, fish kills,
suppression of under water plants QY increased turbidity, algal
shading and allellopathic substance-limiting effects on the under
water plants.
6. As an area of immense ecological importance for the fisheries
and water qua 1 i ty of the lake, there is need for increased
understaning of the role of wetlands in the ecology of fish
particularly the commercially important Nile tilapia.
7. A working hypothesis for a study of shoreline wetland
vegetation in; relation to the ecology of fish is' put forward. The
hypothesis allows for answering several related questions
regarding the assumed impoortance of wetlands fore fish. The
water hyacinth may have to be regarded as a dynamic and permanent
feature of the Lake victoria shoreline.
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Table 1. Major Wetlands Functions and Human Values.
Wetland Function
1. High species diversity
of fauna and flora
2. Habitats: for fish as nursery,
feeding and refuge areas
Human Values
Gene pool; Recreation.
Fish as food.
3. Nutrient retention Biofilters
strippers) .
(nutrient
4. Agricultural buffer zones
(irrigation and drainage)
5. Biomass export
Food crops especially
during dry periods.
Fuel building
mat e ria 1 san d
handicrafcs.
6. Water source For domestic and
7. Presence of pests
(undesirable organisms)
livestock use.
Disease vectors e.g
mosquitoes, snails.
-----------------------------------------------------------------
LEGEND TO THE FIGURES.
Figure 1. Bathymetr ic map of Lake, victor ia and its location
(inset) with some of its physical features depicted to
the bottom left.
Figure 2. Major global wetland uses (after Loffler 1990).
Figure 3. Changes In speCles composition by trophic group
between 1979 and 1990 (after witte et al. 1992).
I
Figure 4. Jinja gauge - beginning of year. Lake victoria level
readings (after Kite 1982).
Figure 5. zonation pattern and characteristic vegetation in Lake
victoria wetlands.
Figure 6. Schematic trends in the degradation of wetland
habitats in the Lake victoria basin.
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